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Background: In our research on the social and technical feasibility of a small-scale electrical power system in
Tanzania, we have perceived a need for an alternative framework or method for social scientific studies of limited
scope. The approach we suggest is also a response to the growing criticism of cultural ignorance with which many
energy implementation projects are handled.
Methods: Theories from Social Anthropology and Sociology form the core of the approach we present. In addition,
concepts from Science and Technology studies are used, as well as lessons learned from History of Technology. We
suggest that particular attention should be paid to three aspects: identification of social actors, perceptions of
change, and long-term feasibility and sustainability. The approach has been developed and concretised through
application in our own research.
Results: To elucidate our suggested approach, we use examples and results from our ongoing research project, in
which the ‘Three-perspectives-approach’ is currently applied.
Conclusions: We have combined theories, approaches and knowledge from different disciplines in order to
formulate a framework for studies of social aspects of energy projects that is structured, concise and comparable.
The approach is developed to target multi-disciplinary researchers with limited training in social scientific research.
It may also be used by project implementers, or as a way for social scientists to present their findings in a way that
facilitates for non-social scientists to integrate them into practice. We suggest that the Three-perspectives-approach
may be applied independently, or as a complement to other tools.
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There is little doubt that social aspects are crucial to en-
ergy implementation; the technical artefacts and energy
services are introduced and used in societies, by and
for individuals. People influence the way a technology is
handled and used. Yet, we see many energy implementa-
tion projects failing, often due to problems associated
with social aspects: the product is ‘misused’, there is not
sufficient knowledge to maintain the technology or there
is a lack of financial means or spare parts. Like many so-
cial scientists, we address the importance of including
the varying practical knowledge of social actors and the* Correspondence: caroline.bastholm@du.se
Solar Energy Research Center (SERC), Dalarna University, SE-791 88 Falun,
Sweden
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reproduction in any medium, provided the origsignificance of specific social contexts and situations, in
all energy studies [1-5].
This paper describes one way of supporting projects
which deal with the implementation of new energy tech-
nologies. The ‘Three-perspectives-approach’ has evolved
from a perceived need for an alternative way for scien-
tists with limited training in social sciences to handle
energy studies in a more culturally informed way. The
approach was originally suggested by AH (social anthro-
pologist) as a way for CB (engineer) to carry out field-
work and analyze data for her multi-disciplinary Ph.D.
work. It is currently being applied on her research,
which concerns rural electrification in Tanzania. Exam-
ples from the ongoing research are used in this article
to illustrate how the Three-perspectives-approach may
be applied.er. This is an open access article distributed under the terms of the Creative
mmons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
inal work is properly cited.
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Ideally, both the development and implementation of
technology start out with an investigation of the needs
and priorities of a particular group of people. Such an
investigation is preferably carried out by a social scien-
tist, with education and skills to perform such research.
Unfortunately, many energy implementation projects
tend to begin at the opposite end, with a particular tech-
nical solution to an environmental problem or an as-
sumed social problem. The task then becomes a matter
of having the technology adopted by suitable users. The
surprise when finding reluctance among these to adopt
the product (despite obvious benefits) is often what
makes the investigator look for barriers or ask social
scientists to inform and improve the behaviour of energy
end-users [6].
An approach which is commonly used among scientists
and other investigators in the area of technology imple-
mentation is the identification of ‘drivers-and-barriers’
[7-11]. The approach has received some substantial criti-
cism though, since the search for barriers implies that we
must find and remove whatever it is that prevents the de-
velopments from taking place [6,12]. In accordance with
this, both Shove [13] and Ryhaug and Sørensen [14] argue
that the conventional way of perceiving and treating the
implementation and transfer of technology as a one-way
process implies that non-technical aspects are merely
something which may impede the road to adoption and
technological progress. Ryghaug and Sørensen have also
pointed out that energy efficiency policies, as well as
researchers working with energy efficiency, have tended to
view ‘non-technical’ aspects of energy performance as
obstacles to technological progress. In their article on the
Norwegian building industry, for instance, they argue that
the failure of improving energy efficiency is often an effect
of a combination of particular policy-making, market pro-
cesses and professional and industrial practices [14].
Similar criticism concerns the persistent and common
assumptions that energy technologies carry with them cer-
tain predefined potentials for change [15,16]. Kooijman
[17], for instance, brings forward criticism regarding pre-
sumed correlation between access to modern energy and
poverty reduction through small-scale enterprises in rural
areas. In real life, as Wilhite [6], Laufer and Schäfer [18]
and others have made clear, technologies are perceived
and used differently depending on the individuals who use
them and the situations and contexts in which they are
used. Westskog et al. have argued [19] that a consequence
of this realisation is that effective energy interventions
often need to be tailor-made. Winther’s extensive study
[20] on the process of introducing electricity and the im-
pact that this has had on a rural society on Zanzibar is
one example that highlights the importance of the social
context for the outcome of an electrification project. Italso puts focus on how different social actors contribute
to, form, experience and are influenced by changes in their
society.
The approach we are presenting can be seen as a re-
sponse to a growing criticism among social scientists of
the socio-cultural ignorance with which many projects
of energy transfer, energy efficiency or energy transitions
are handled. In order to increase the focus on social and
cultural aspects of energy implementation, we believe
that we do not only need to increase the number of in-
depth social scientific studies in the topic. Such research
should be complemented with more multi-disciplinary
and trans-disciplinary research, as well as better trans-
disciplinary understanding. We believe that researchers
with multi-disciplinary profiles can contribute to de-
creasing the gap between social scientific research and
technical research, and thereby make energy implemen-
tation projects more culturally informed.
We have perceived a need for a framework that can
facilitate certain social scientific aspects of multi-discipli-
nary research (see also Millinger et al. [21]). Furthermore,
as also Schäfer et al. [22] have pointed out, a commonly
used framework for evaluation of decentralized energy
systems would be helpful for the comparison of different
case studies. For these reasons, we are presenting the
approach that we are using in our own multi-disciplinary
research project. The approach is tailored to help re-
searchers with non-social scientific background to ap-
proach multi-disciplinary tasks in a way that comes closer
to some of the methods and theories that are used within
social sciences. Since the approach offers a structured way
of carrying out and presenting research, we believe it can
facilitate comparison between case studies and be used by
social and multi-disciplinary scientists as a way to present
their research to individuals outside their own discipline.
Thereby, we hope that social scientific results can be bet-
ter integrated into practice.
We also believe that the approach we present can be
valuable and useful for engineers, technicians and other
individuals involved in energy implementation projects.
As stated earlier, extensive social scientific studies are
not always carried out in advance of energy technology
implementation. Unfortunately, it is not realistic to be-
lieve that such studies will be carried out for every im-
plementation project in the future either. Also as already
mentioned, it is often difficult for project implementers
to comprehend and make use of social scientific research
and evaluations made in other projects, in order to im-
prove the success of their own projects. For targeting
project implementers, there are several project manage-
ment tools used by international organizations which fa-
cilitate the consideration of social aspects in projects,
including technology implementation. One example is
the logical framework approach (LFA), which was used
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Swedish SIDA, UN, EU, German GIZ and Australian
AusAID among others [23,24]. With its separate steps
with different foci, it does not only promote the involve-
ment of social actors of different kinds in all stages of
a project but it also advocates identification of the cause
and effect relationships. This is valuable for the iden-
tification of which problem needs to be solved and by
what means, in order to achieve the desired goals. The
method also compares the situation before the imple-
mentation of a project and the situation after, in order to
trace the changes that the project has led to.
There are also several analytical models in technology
development involving different social actors in early
stages of product development and technology intro-
duction. We have seen, for instance, the emergence of
‘User-Centered Design’, in which the needs, wishes and
limitations of potential future users are given significant
attention as early as in the design phase of a new tech-
nology [25]. From the ‘Technology Assessment’ approach,
a range of concepts have evolved, with the aim of shaping
public policies and involving users and the public in the
development of technology [26,27]. Furthermore, energy
systems are increasingly being regarded as service pro-
viders rather than pure technical artefacts. The ‘Product
Service System’ approach, for instance, is part of this aim
to shift focus from consumption of products to consump-
tion of services, and from products to service oriented
businesses [28-30].
The approach we are suggesting can thus also be used
as a complement to existing project management and
product development tools, such as the ones just men-
tioned. It may be used alone or in combination with
other tools in order to get closer to some theories and
methods used within social scientific research.
The outline of the article
In the following chapter, ‘Methods’, we describe a series of
useful concepts and tools and we introduce and explain
the three perspectives that our suggested approach con-
sists of. In the same chapter, we also describe the case
study on which the Three-perspectives-approach is cur-
rently applied. In ‘Results and discussion’, we use a selec-
tion of experiences, results and findings from our field
work to exemplify the three different perspectives that we
suggest. The paper ends with some final conclusions.
Methods
We have used a selection of theories and analytical con-
cepts from four different disciplines - Social Anthropol-
ogy, Sociology, Science and Technology studies, and the
History of Technology - to compile an easy-to-use model
for approaching some essential social aspects of energy
implementation. The Three-perspectives-approach hasbeen concretised through application on our own re-
search, which is further described later in this chapter.
The approach supports a search for answers to three
essential questions: Which social actors are relevant for
our study? What will change with the introduction of this
energy technology? How can we estimate the options for
long-term feasibility and sustainability? To support the ap-
plication of the methodological and analytical approach
outlined below, we start this chapter by presenting some
certain concepts that appear to us to be particularly
useful.
Some useful concepts
The approach we suggest contains the following concepts:
‘social actor’, ‘socio-technical energy system’, ‘energy service’,
‘energy carrier’, ‘inside and outside perspectives’ (‘emic’
and ‘etic’ respectively), and ‘social differentiation’ with its
‘horizontal’ and ‘vertical’ components. These concepts are
particularly useful when considering the socio-cultural
contexts of energy technologies, and the changing circum-
stances in which these technologies may be involved.
The first of these, the social actor, is a common
term denominating an individual, an organization, a
company or any other group of individuals who are act-
ing together in a certain way. The second concept, the
socio-technical system, is a way of widening the idea of
a technical system to include social components. Thus,
an energy system may be defined in a narrow sense,
consisting of technical equipment for extracting, trans-
forming, transporting and using energy [31]. It may also
be defined more broadly as a socio-technical energy sys-
tem, including not merely the technical components but
also the social actors who construct, operate and use
the plant, as well as the economic and legal prerequi-
sites for the activity [15,31,32].
Within sociological and anthropological energy re-
search, it has been important to call attention to the fact
that people do not consume energy. Rather, in real life,
people make use of culturally meaningful ‘services’ that
happen to depend on a supply of gas, oil, electricity etc.
[33,34]. One advantage of focusing on energy services
rather than energy supply is that it opens up for studies
of energy-related ways of living and how these may be
altered [33]. Another advantage is that it draws atten-
tion to the fact that the same service can be provided by
different equipments and sources of energy [34]. Three
different kinds of cooking stoves, the three-stone open
fire, the wood-fuel saving stove and the solar cooker,
may exemplify the differences between the concepts
energy service, energy carrier and technical equipment.
The three stoves all provide the same energy service -
the ability to cook. However, the energy carriers are
two: biomass and solar energy, while the technical
equipment differs in all three cases.
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the theoretical and methodological fundamentals of Social
Anthropology; the relationship between the view from
within, emic and the view from the outside, etic. The first
of these concepts relates to life as experienced and des-
cribed by the members of a society themselves, while the
latter relates to its counterpart, the analytical descriptions
or explanations of the researcher [35]. For instance,
Matinga concludes from her studies of the Xhosa culture
that activities such as collecting firewood and cooking are
meaningful beyond their utilitarian functions [36]. An etic
observer, she says, might interpret an activity such as col-
lecting firewood simply as a workload one should try and
reduce, while from an emic perspective, the same activity
could be interpreted as part of being a ‘good woman’ and
as an opportunity to socialise.
A final important concept is ‘differentiation’, which is
borrowed from the sociological and anthropological bo-
dies of theories [35]. It is a universal feature of human
societies for members to see themselves and others as be-
longing to different groups with differing characteristics.
Differentiation may be explained by class, gender, age,
caste, ethnicity, profession, economic status, geographical
location etc. However, it is essential to understand that
such features do not speak for themselves. Human beings
interpret differences in a large variety of ways. There are
no societies where all adults have exactly the same influ-
ence over each decision and where everyone has exactly
the same rights and duties [35]. It is important for the
feasibility and long-term sustainability of a project to con-
sider this varying ability of social actors to have an impact
and influence over a particular situation. Still, we also
need to separate issues of power and subordination from
division of responsibilities that are not expressions of
inequality. This can be referred to as horizontal and verti-
cal differentiation, where the horizontal dimension stands
for egalitarian differences and the vertical dimension for
differences in power or rank [35].
Relevant social actors
We suggest here the use of three main perspectives, or foci
of attention. The first of these entails the process by which
individuals, groups or organizations are included in, or ex-
cluded from, a research or project investigation. An imme-
diate focus on relevant social actors, we think, is a way
of laying a good socio-cultural foundation for any energy
implementation project and a way of counteracting the
tendency to overemphasize undifferentiated users or the
technology itself. ‘Stakeholder analysis’ is a common pro-
cedure in project management [37,38] and fairly similar to
what we propose here. Still, a majority of energy efficiency
and implementation projects throughout the world seem
to be carried out with little consideration of their social
context [39]. Those who do include social actors have atendency to focus on energy end-users alone, although it is
just as important to take into consideration the actors in-
volved in the delivery of energy and the manufacturing of
equipment [32,39,40]. Consequently, we consider it im-
portant to point out the necessity of identifying relevant
social actors.
We suggest an identification procedure starting with
two key concepts, one being the ‘socio-technical energy
system’; the other, the energy service. One way to use this
conceptual model is to begin with the technical equipment
(of a specific case) and think of it as the core of the socio-
technical energy system. Each of these technical compo-
nents has to be produced, supplied, repaired and handled
on a day-to-day basis. The question is which individuals,
companies and organizations do this.
The characteristics and relevant actors of socio-technical
energy systems vary particularly strongly depending on
whether or not they are connected with a grid or pipeline
[32]. Naturally, there are also substantial differences bet-
ween small electric grids, as in our case, and large grid-
connected systems, such as the Scandinavian and North
European grids. Basically, however, three main types of ac-
tors can be thought to be linked to an energy system.
These are the deliverers of energy, the users of energy and
the producers of equipment [31]. Another way of descri-
bing an energy system is to say that its ‘task’ is to tie the
energy raw material to a certain energy need. Kaijser et al.
[32] have described this as a chain reaching from the ex-
traction of raw material via refinement and transportation
to usage.
As a further complement, it may be valuable to contem-
plate the different stages of an energy project. In an early
stage, social actors who initiate and promote the techno-
logy are of particular interest [31,41]. Later, the people in-
volved in the actual work of installing and implementing
the new technology or energy carrier are important.
Finally, once the implementation of the technology is
completed, the focus is on those who are involved in the
daily operation and maintenance of the technology. In all
these phases, decision-makers, implementers and other
actors with an interest in the energy system should be
considered.
In the construction of a technical system as well as dur-
ing maintenance and repair, product and service suppliers
are crucial. If the supplier of the initial components is a not
a locally based actor, which is sometimes the case when
small-scale energy systems are installed by donor-driven or-
ganizations, the social actor that is supposed to take on the
supply of spare parts after the initial implementation of the
technology must be identified. The same applies to the
knowledge-based resources needed in construction and re-
pair work as well as the everyday operation of the system.
Another important group of actors are those using the
energy services provided by the energy system in focus.
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energy, such as people cooking or using electrical tools,
and people that benefit from the energy service, for
example those eating the cooked food or buying furni-
ture produced by using those tools.
We suggest that social actors are not only identified as
individuals who organize activities, deliver particular tech-
nical equipment or use certain energy services. We also
need to find other patterns, such as whether a certain en-
ergy service is primarily used by women, young people, by
the wealthier, or by certain villagers or employees. Among
the long list of people affected by the studied project, an
appropriate judgment must be made of who are and who
are not relevant social actors. To do so, the aim of the
study must be considered. The key message is that the in-
volvement or exclusion of a certain group of actors should
preferably be a sensible decision rather than an uncon-
scious action due to poor investigation.
Socio-cultural change
The second phase of the Three-perspectives-approach in-
volves attempts to learn more about the everyday life of
each of the relevant social actors and to try to understand
how their daily lives might change due to the introduction
of a certain technology. This perspective is inspired by so-
cial anthropological works elucidating the importance of
the cultural changes related to the technology implemen-
tation [6,20,40,41]. The task here is to understand what a
change of technology or energy carrier means for men
and women, the young and the old, the wealthy and the
poor, the well-educated and the less well-educated etc.
[6,33,34,40]. How does each of these individuals and
groups perceive the proposed measures? Who gains and
who loses and according to whom? Further, how impor-
tant are those changes in comparison to other things in
the peoples’ lives?
Thus, what we want to understand eventually is the
emic perceptions of the energy implementation or tran-
sition in focus; the view from inside the society and of
the relevant social actors. This includes actors involved
in activities related to the technology or energy carrier
used before, as well as those involved in activities related
to the new ones. For the investigator, who is often an
‘outsider’, it may help to start by obtaining a picture of
changes that are easily observable.
Depending on the context, the introduction of a new
technology or energy carrier may lead to the introduction
of new energy services that were not present before. Such
a service may, for example, be the possibility of charging
mobile phones when electricity is introduced. Situations
where some established energy services are carried out in
new ways may also occur. For example, if solar cookers
are introduced, social actors who are responsible for cook-
ing may switch from the habit of cooking on wood-fuelledstoves to the habit of cooking on solar cookers. This is a
change easily observable for an outsider. The introduction
of the new technology may also lead to related changes in
everyday life. People may start cooking at other times of
the day due to the dependence on sunshine, or somebody
may spend less time and effort on collection of firewood.
These changes, in turn, may influence how other less
cooking-related activities are carried out. Such alterna-
tions may be more difficult to observe for an outsider, but
are still changes from an etic, an outsider’s perspective.
However, it is of great importance to realize that it is
not primarily these ‘objectively’ observable changes that
influence the outcome of an energy transition or imple-
mentation project, but the ways in which the changes
affect people’s lives and the ways in which people perceive
these alterations. The importance of this distinction for
energy implementation projects can be illustrated by an
example from South Africa, where the promoters of a
solar electrification project were surprised to find the low-
income households reluctant to replace paraffin with
electricity [42]. From the promoters’ outsider perspective,
electricity was a natural step towards improved welfare
and modernity. It also seemed like a perfect way to coun-
teract hazardous fire incidents and the frequent toxic acci-
dents caused by the use of paraffin. However, from an
inside perspective, paraffin has a social quality that electri-
city lacks. Like food and other household items, paraffin
can be bought and shared in small quantities. It can be
borrowed from a neighbour, relative or friend when some-
one runs out of it or does not have the cash to buy it.
Since these households tend to rely on social relationships
for survival, paraffin is well embedded in the social fabric,
while electricity, which cannot be split and redistributed,
is socially disadvantaged [43].
From this example, we learn that it is of vital importance
for anyone who embarks on an energy implementation
project to become as fully aware as possible of the dif-
ference between one’s own impressions and expectations
as an outside observer and the varying perspectives and ex-
periences of the social actors one is set to observe. Con-
trary to what is commonly believed, the point is not to find
out whether one is more correct than the other [35]. The
point is to get as close as possible to the subjective experi-
ences, hopes and aims of different social actors. Contrary
to traditional positivist claims [44], one can never take
things for granted or use one’s own frame of reference as
the only guideline. Understanding of the subjective expe-
riences of others is necessary to be able to understand the
altering of social practices and to stand a good chance of
introducing a socially feasible energy system.
Long-term feasibility
This last perspective of our suggested approach involves
an investigation of risks and potentials for the completion
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mentation. It is based on the conclusion that a technical
solution is never enough to achieve successful energy im-
plementation and is inspired by the ‘socio-technical sys-
tems’ approach launched in the 1980s by authors in the
Science and Technology genre, such as Bijker et al. [15].
To further assemble certain circumstances that tend to be
important for the success or failure of attempts at energy
or technology implementation, we learn from success
stories as well as failures of technology implementation
from the History of Technology [45]. From Social Anthro-
pology, we are aware of the importance of taking an inter-
est in the culture-specific ways of perceiving differences in
rank, status and prestige [35]. We use the knowledge we
have gained by applying the two previous perspectives in
order to understand the varying abilities that social actors
have to influence energy-related issues. Here, we will start
by suggesting an investigation of how social actors, in con-
sideration of the cultural change they are subjected to,
unite to shape the opportunities and challenges for the
success of a project.
Based on understanding of social actors, their internal
roles and the changes occurring, we try to become aware
of conformities and possible gaps between social actors
that perceive that they benefit from a certain change and
social actors that are in power in the specific context. If
the benefiting or interested social actor is not the same as
the one with power and authority to make decisions re-
garding the particular question in focus, there are poten-
tial challenges to consider before continuing with the
project or implementation. We have thus come back to
the importance of understanding how people differentiate
between themselves and others and what differentiations
are vertical and which are horizontal [35]. An example
from North Western Tanzania may serve as illustration.
The task for one of our master students was to investigate
whether photovoltaic (PV) systems could be used for im-
proving working conditions in the kitchen houses of this
area [46]. One of the main conclusions of his thesis was
that the system should include at least two lamps in order
to be effective. He had noted that culture-specific ways of
perceiving gender differences included different roles and
work tasks as well as differences in power. While women
were responsible for cooking, men had the power to de-
cide on the purchase of new technical items. Thus,
provision of electric light for the main building (which
was also more highly valued and of higher priority to
men) was suggested as a prerequisite for successful imple-
mentation of light in the cooking house.
Studying success stories as well as failures of technology
implementation is a great way of gaining understanding
about what has worked out well in previous projects as
well as what has been challenged or reasons for failure. It
should be remembered that each project is unique and noproject has exactly the same preconditions as another one.
We claim that one can thus never be sure that all criteria
required for successful technology implementation are ful-
filled. Having said this though, we mean that the increased
understanding of social aspects, in combination with les-
sons learned from earlier projects similar to the one that
is about to be implemented or studied, will increase the
likelihood of identifying weak and strong points of a pro-
ject and thereby possibly influence its outcome.
Two examples from the History of Technology will
provide an illustration to some of the most basic pre-
requisites for a successful long-term technology imple-
mentation. The first is a success story; the other, a story
of failed implementation. The first example is about the
introduction of the electric light bulb [45]. Edison and
his colleagues did not invent the light bulb, as is often
assumed. Neither was the light bulb per se the key to
their success; the key was their organizational ability.
Edison had support from financiers and political deci-
sion-makers, and through media and spectacular light
shows arranged during dark winter nights, an intellec-
tual reading population was convinced that candescent
electric lighting was superior to both gas lamps and arc-
lamps. Still, according to Hård [45], the most important
achievement of Edison and his colleagues was to start
about a dozen companies for production, distribution
and maintenance. They managed to create a complete
chain of coordinated companies and products.
The second example concerns the first steam engine that
was brought to Sweden from England in 1782 [45]. It was
to be used for mining ore. The social actors who tried to
carry the technology into the Swedish society had the
power and economy to do so. They had access to the tech-
nique, and they were well informed about its possibilities
and limits. Still, the project eventually failed. One reason
was the many technical problems related to the transfer
from the industrialized England to the colder, wood-based
country Sweden. However, Hård [45] argues that the pri-
mary reason why this energy implementation project failed
was lack of a long-term functioning organization. The pro-
ject was dependant on the knowledge of two well-educated
men from Uppsala and Stockholm. When they eventually
lost interest in having to work outside the urban area,
powerful financiers also withdrew their support.
These two historic examples illustrate that a technical so-
lution is never enough. Certain features are recurrent char-
acteristics of a successful technology implementation. Some
of these may be put together and serve as a checklist when
estimating the strengths and weaknesses of a particular pro-
ject. The following questions are examples of issues which
most probably are important to consider [41,45,47]:
 Is the technology, as well as the social actors who
promote it, considered credible by the users-to-be?
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enough knowledge and interest?
 Is the energy carrier, technical equipment or energy
service easily accessible?
 Are social actors with long-term management and
commitment present?
 Are there social actors with enough economic and
political strength to carry through the project?
 Finally, is there a complete chain of coordinated
companies and products?
We do not claim this list to be comprehensive. Still, it
may guide a discussion concerning strong and weak cha-
racteristics of a certain energy implementation, as well as
how such characteristics could be handled.
The case study
The research project, on which we are applying this sug-
gested approach, started in 2011 and is financed by the
Swedish International Development Cooperation Agency
(SIDA). The aim of the research is to suggest ways of im-
proving both social and technical feasibility of mini-grids
supplied by renewable energy in general, and a certain
hybrid PV-diesel system in Tanzania in particular. The pro-
ject is multi-disciplinary, involving a Ph.D. student in
engineering physics and her two supervisors in technical
and social scientific issues respectively. The main research
questions of the social part of the study relate to how the
technical system in focus affects the community in which
it is operating and how the functionality of the technology
depends on the way people organize themselves in order to
implement, introduce, use and maintain the technology.
The owner, operator and user of the power system in
our main focus is a community-based Tanzanian orga-
nization that runs a vocational training centre with
courses in sewing, carpentry, masonry and welding. At
their centre, there is also a carpentry workshop, a kinder-
garten, a business centre, a meeting hall, a guest house,
two offices and a kitchen. Other activities and projects are
also organized and administrated by the organization, such
as women’s groups, credit-saving groups and peer educa-
tion programs dedicated to people infected by HIV/Aids.
Qualitative interviewing and participant observation are
the main methods used in the social parts of the study
[44]. The interviews have been of semi-structured nature;
open-ended questions were asked, and the interviews
often included digressions from the planned questions
which could result in new, unexpected information de-
pending on the interviewees’ answers. This article is based
on 6 months fieldwork carried out in 2011, 2012 and
2013.
Interviews as well as conversations during participant
observation have mainly been carried out in Swahili and to
a lesser extent, in English. The interviewer (CB) is fluent inEnglish and speaks and writes ‘every-day-Swahili’. We
have chosen not to use any interpreters. This choice has
the disadvantage that not everything was understood by
the interviewer. Subtleties of the language were to a
large extent poorly comprehended, and sometimes the
conversations were interrupted by the interviewer ask-
ing for explanation for expressions or words. However,
we believe that the advantages of using Swahili as the
language of communication, without involving any third
party, outweigh the disadvantages. Firstly, many of the
interviews could occur spontaneously. Secondly, we be-
lieve that the presence of a third person would have lim-
ited the advantages we had from establishing personal
relationships with the informants.
Results and discussion
In this chapter, we present a selection of experiences, re-
sults and findings from our case study in Tanzania. The
main intention here is to provide examples illustrating
how the Three-perspectives-approach can be used and
applied on a specific project, in this case a study of an
already implemented energy technology. Since our re-
search is ongoing, the examples presented consist of a
mix of parts of the study which have already been car-
ried out, ongoing analysis and things that we would like
to investigate in the future.
Although the three perspectives are presented in the
order that we recommend them to be used, we think it
is necessary to alternate them when carrying out studies
and field work. In our study, we have alternated between
the perspectives in order to make use of the findings
from one perspective to further develop the findings of
another.
Relevant social actors
We started our study focusing on the identification of so-
cial actors, as we also suggest in the previous description
of the Three-perspectives-approach. We think this helps
to widen the perspectives and include a large variety of ac-
tors. As one way of reasoning, we choose to begin the
identification of social actors by outlining some of the
basic characteristics of the socio-technical system in focus.
We do so by first looking at the technical components of
our socio-technical system. Thereafter, we try to relate so-
cial actors to the different stages of implementation of
the technology as well as the operation and maintenance
phases.
The technical system in our case study is a mini-grid
combining the use of PV panels and a diesel generator to
provide the community centre with electrical power [48].
Components formerly used in small PV systems at the
centre were, as far as possible, used to form the central
mini-grid. The required additional equipment was pur-
chased in a nearby city or ordered from Dar es Salaam,
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mini-grid was already constructed. In order to identify the
social actors related to the early phases of the construction
of the system, we are conducting interviews with people
who were involved during this phase. This work is still
ongoing, and we wish to investigate in greater depth the
process by which the system was first considered, pro-
moted, initialized and implemented as the research goes
on. However, we can already present some key actors at
this stage. The expansion of the electrical power system
was promoted by the leaders of the Tanzanian orga-
nization, in collaboration with a Swedish NGO. Both these
organizations contain a few individuals that are strongly
involved in managing the activities at the centre in
Tanzania. The design and installation of the PV-diesel hy-
brid system was made by a local electrician after general
design suggestions from a Swedish energy researcher. The
research team involved in the technical parts of the now
ongoing multi-disciplinary research project (including CB
and the researcher giving initial advice) has also been in-
volved in later modifications of the power system together
with the local electrician. In the detailed planning and
construction phase of the central power system, the local
electrician received support regarding specific equipment
from various other electricians and retailers in Tanzania.
Since the installation of the PV-diesel hybrid system,
the day-to-day operation and use is handled by some of
the organization’s staff; the diesel generator is operated,
the inverter is turned on and off as needed, and electri-
city consuming appliances are used. Minor maintenance
and repair work is done by one particular employee,
who is knowledgeable about the technical details of the
power system. The electrician who installed the system
is contracted for more extensive work. He runs a small
one-man business in a nearby town. For decisions con-
cerning the continuous operation of the electricity sys-
tem, the manager of the organization plays a key role.
The Swedish NGO is also an important actor, both as
discussion partner concerning the development of the
organization and for its economic support. Now and
then, advice is also sought from Swedish researchers
linked to the technical part of our research project.
In contrast to many other energy systems, the ‘energy
producer’, the ‘energy provider’ and the ‘energy user’ are
in some aspects the same actor in our case study, since
it is the same organization which produces and con-
sumes its own energy, distributed only within the com-
pound. The individuals associated with the production,
distribution and use of the energy are to some extent
different though. Not all people who use electrical appli-
ances are also involved in the operation of the system
and thus the production and distribution of electricity.
With the most important initiators, promoters and oper-
ators defined, and before we moved on to the identificationof different end-users, we considered the people in the geo-
graphical proximity of the technical system. Since the focus
of our particular study is a community centre, it seemed
natural to include the employees in our overview of rele-
vant social actors. Thus, apart from the manager, the fol-
lowing social actors are employed at the centre: vocational
training teachers, kindergarten teachers, night watchmen, a
driver, and employees working in the kitchen, guesthouse,
business centre, café and shop. At the centre however, we
also find other actors who are using the facilities for longer
periods or who are merely visiting some of the facilities on
an occasional basis. We find children in the kindergarten,
students of sewing and carpentry, villagers and students
who take computer classes and people enrolled in pro-
grams that are managed or supported by the organization.
Furthermore, we find villagers stopping by to have a cup of
tea or a chapati at the café, or to buy something or have
their mobile phones charged at the shop. Sometimes the
facilities at the centre are rented out for special occasions,
such as meetings, during which visitors from nearby or far
away come to the centre. One of the offices is used by the
educational coordinator of the ward. By focusing on the
geographical surroundings, we have thus been able to iden-
tify other social actors that may be relevant for our study,
although they may not necessarily be either users or imple-
menters or promoters of the electrical power system.
In order to become more clearly aware of which actors
make use of the particular energy system, the concepts of
energy service, energy carrier and ‘technology’ are useful
tools. In our case study, the system supplies power for
lighting, computers, a copy machine, a TV, a refrigerator,
charging mobile phones and tools of various kinds. Some
of those who participate in the activities at the centre do
not actively use any of these services though. For instance,
neither the café personnel nor the kindergarten teachers
nor some of the women’s groups meeting at the centre
make use of any electrical equipment in their activities
related to the organization. One example of social actors
who are using an energy service supplied by electricity
from the mini-grid is the teachers and students in com-
puter classes who are using computers. Other examples
are the carpenters, who use electric machines in the work-
shop, and teachers and students in sewing classes using
electric sewing machines. We also find members of staff,
who handle the mobile phone charge service for villagers,
who use electric irons or use the refrigerator.
Apart from people actively using energy services at the
centre, such as the actors just mentioned, we also find
more indirect users of the energy services which are made
possible by electricity. Examples of such beneficiaries that
we will include at a later stage of our research are the vil-
lagers who get their mobile phones charged, external car-
penters who utilize the opportunity of having their wood
sawn up by machines in the carpentry workshop, and
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the staff in the business centre. Identification of people
who benefit from a certain energy system can make a
nearly indefinite list. The demarcation of any particular
study is, however, a matter of judgement, and may vary
with the circumstances and particular aim of a certain
project. In our research we have, for example, decided to
omit from our interviews people who receive calls from
mobile phones charged at the centre, those who buy furni-
ture produced by a carpenter who has his wood sawn in
the workshop or subcontractors to the electrical stores in
the nearest city. In our case, the study would be unman-
ageable from a practical point of view, and we also believe
that these actors have limited effect on issues related to
our research questions.
Socio-cultural change
Applying this second perspective of the Three-perspec-
tives-approach, we shift our focus from the identification
of social actors to change. We now try and learn more
about the everyday life of the relevant social actors that
we have identified and see how the introduction of the en-
ergy system in focus for our studies has contributed to the
changes in the society and in people’s lives. We suggest
that it is not primarily the objectively observable changes
that influence the outcome of an energy transition project,
but the way they affect people’s lives and the way the
people perceive these changes. Still, we start our investiga-
tion by focusing on the ‘view from the outside’ to get a
picture of the changes taking place.
We conclude that the presence of the PV-diesel hybrid
system has altered energy-related activities at the centre
and possibilities in the village in two major ways. Firstly, it
has led to the introduction of services that were not avail-
able before the introduction of electricity. Such services
cover activities that can only be carried out by electricity,
such as the charging of mobile phones and the use of
computers. It has thereby allowed for new activities at the
centre, such as computer classes and the possibility for
villagers to get documents typed, printed and copied.
Secondly, the PV-diesel hybrid system has enabled a tran-
sition from one energy carrier to another in order to pro-
vide energy to services that already existed. Services which
previously were available at the organization, but achieved
through other energy carriers than electricity, include the
use of electric sewing machines instead of treadle ma-
chines. Another example is the use of electric woodwork-
ing machines for work that was previously done
exclusively using hand tools, such as drilling and sawing
wood.
We also try to look at the changes in a wider perspec-
tive and can conclude that the possibility of charging
mobile phones at the centre has led to people living
close to the centre not needing to walk long distances tocharge their mobile phones, which many of them did be-
fore. The same service may thereby increase the times
that people’s mobile phones are charged and, hence, in-
fluence the way people communicate with others using
their phones. Another aspect that we would like to fur-
ther investigate is whether better access to charging op-
portunities influences how much money people spend
on that service and how much money they spend on
calls. Although coming closer to reason around changes
in people’s everyday lives, this is also an example of
changes that are ‘observable’ or measurable from an out-
side perspective.
An example which illustrates the ‘inside perspective’
relates to the way employees and management consider
the power system and its services. For many of them,
the power system does not only influence the everyday
working conditions, for example by facilitating the use
of computers and tools, but also contributes to the abil-
ity to fulfil the organization’s aims and goals; to function
as a resource centre for sustainable development within
the community. The power system for example helps
the teachers to offer high-level educational training pro-
grams, contributing to the students’ abilities to find
meaningful occupation after graduation. The electricity
also supports seminars, courses and workshops by enab-
ling the use of television and computers for educational
purposes and offers services that are regarded as advan-
tageous for the villagers such as the possibility of buying
cold drinks, charging mobile phones and printing and
copying documents. We perceive the employees and the
management as being proud of the technical system and
the way they can use it in order to support the develop-
ment of their community.
The particular employee knowledgeable about the
technical details of the system was formerly the night
watchman at the centre. He has been trained by the
electrician contracted by the organization, by participat-
ing when work has been done to the centre’s PV-diesel
hybrid system and other power systems. As he is now
able to carry out dimensioning and installation of small
PV systems by himself, he is no longer working as the
night watchman. Instead, he assists the organization, pri-
vate households, schools and health clinics around the
nearby villages to install and maintain PV systems. He
shows genuine interest in his work and expresses in-
terest in getting further education in PV technologies.
Some employers at the organization have expressed a fu-
ture vision of being able to offer vocational training at
the centre in PV technologies, too. Those interests, we
conclude, express effects that the particular power sys-
tem has had on the employees’ perception of the power
system and its services. The importance thereof naturally
varies between different employees, from being an essen-
tial part of his or her life to something rather minor.
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chose to focus on the significance of the copy machine.
For the employee who handles the copy machine in the
business centre, the power system is essential for the
possibility of having a job at the centre. That person can
thus relate many things in life and daily activities to the
presence of the PV-diesel hybrid system. For the cus-
tomer though, the impact which the possibility of co-
pying and printing documents at the centre (which in
turn is possible due to the presence of the power system)
has on his or her life and how that person perceives the
possibility depends a lot on what the alternatives are.
The following questions exemplify issues to which we
have no answers as yet. For instance, if this service was
not available at this place, would the customer get the
same service from somewhere else? Did the customer
use this service there before? What makes the customer
prefer this service provider in front of another provider?
If there are no other providers of the certain service,
how has the introduction of the service affected the cus-
tomer? What did the customer do to fulfil similar needs
prior to the introduction of the service?
The altered working conditions for carpenters and
users of sewing machines provide two other examples of
how an inside view may add to our understanding. What
impact a change of energy carrier has on the perceptions
and feelings of the involved actors about a certain acti-
vity depends on many different factors. At the centre,
the users of the electric sewing machines mean that their
work is less physically demanding with the use of elec-
tric machines. However, they also consider their actual
work to be very similar to that carried out with treadle
machines. The carpenters, for their part, experience a
much higher efficiency in their work thanks to the use
of electric machines, resulting in higher productivity as
well as more time to relax. The carpenters as well as the
tailors (including students in both subjects) consider
that the introduction of electricity has facilitated their
work, although to different extents. Important issues
that we still wish to investigate include the consequences
that this facilitation has for the performance of the spe-
cific activity, as well as the people’s lives. Does the higher
efficiency result in fewer people required to perform a
certain activity? Who benefits from this and who does
not? Are the employees working longer days because
they get less tired? Do they have better opportunities to
involve themselves in other activities? What are these ac-
tivities? Who benefits from these activities?
As we have pointed at earlier, members of human so-
cieties tend to associate themselves and others with dif-
ferent groups with different characteristics. It was fairly
easy for us, as outsiders, to see that at the centre, all kin-
dergarten teachers are women, while teachers in sewing,
carpentry, masonry and welding are all men. Almost allof these differences due to gender correspond to our
own cultural experiences; kindergarten teachers are also
most commonly women in Sweden, and teachers of car-
pentry, masonry and welding are mostly men. The fact
that the sewing teachers at the centre are men did,
however, diverge from the preconception we had about
sewing teachers; in Sweden these are mainly female.
Based on these scanty statistics, we cannot draw any
conclusions regarding whether these respective occupa-
tions are regarded as masculine or feminine in Tanzania,
or if this centre is an exception. The possible disparity in
differences due to gender, however, made us further
challenge our preconceptions related to different occu-
pations and work tasks, including preconceptions re-
garding vertical and horizontal differentiation of, for
example, gender.
In order to understand the ways in which the various
categories affect or are affected by a particular energy
system, it is valuable to combine the researchers’ outside
perspective on the varying roles and opportunities with
inside perspectives. In our study, it seemed reasonable
to differentiate between, for instance, groups of em-
ployees and non-employees. However, there is a distinc-
tion between the categorization that we as researchers
make and the ways in which the employees themselves
discuss users of power systems. We found, for instance,
that men and women with financial difficulties tend to
emphasize the economic and health-related benefits
from using PV lanterns rather than kerosene. Many of
them claimed that if they had had enough capital to in-
vest in a PV lantern, this would be given a high priority.
In contrast to such utterances, men and women who ac-
tually had the financial ability to buy a PV lantern or PV
system did so to a much lesser extent than the poor
people claimed they would do if they could. This obser-
vation that some of the identified social actors made this
division related to economy between themselves and ‘the
others’ made us aware of the relevance of including the
actions and opinions of these wealthier ‘others’ in the
study.
As an outsider, it is easy to take it for granted that
electrification is always desirable and for the good. The
carpenters as well as the tailors at the organization of
our focus point at the importance of being able to use
the electric tools as well as hand tools though. Especially
for their students, it is crucial for their possibilities to
work at other places and for future employment that
they know how to use electrical machines as well as
hand tools and treadle sewing machines. For successful
implementation, the possible negative impacts of the
introduction of a new energy system must also be con-
sidered [42]. It is also necessary to understand how de-
sirable people find the new energy technology compared
with other necessities of life. In our research, we are
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electrical power system has on people’s perceptions of
PV. Coming back to the wealthier others mentioned
earlier; they own PV systems to a lesser extent than we
first thought they would, but we have noticed that many
of them own motorbikes. To them, for some reason as
yet unknown to us, they consider it more desirable to
own a motorbike than a PV system (which are compar-
able investments in terms of initial cost).
Long-term feasibility
The third perspective involves an estimation of whether
or not a project has what is necessary to allow full imple-
mentation and to achieve long-term success. To begin
with, we use an example from our case study to illustrate
how the internal relation between social actors and the
changes which occur may influence the success of an en-
ergy implementation or energy transition project.
As we have mentioned earlier, the carpenters and the
tailors at the centre all consider that the electric machines
they use reduce the physical burden related to their work
tasks. They are generally positive to the use of electric ma-
chines. In addition to the employees’ positive experiences,
the electric tools in the carpentry workshop have resulted
in higher productivity. In consequence, this is of interest
to the management of the organization, whose aim is
to provide services to the community and to make the
organization economically viable. From the tailors’ per-
spective though, the electric machines mainly make them
less tired, but they consider their work speed to be only
marginally affected. If the tailors consequently do not in-
crease their working capacity significantly thanks to the
use of electrical power, there is a possibility that the man-
agement perceives it as being of limited interest to provide
the tailors with electricity and electrical machines. Thus,
what we see here is one example of a situation where one
group of users and the management have a common
interest and one where there is a possible discrepancy be-
tween the two. Generally speaking, if the social actors with
the power to make decisions regarding a certain technol-
ogy are not the ones who benefit, there is a risk that the
technology will be given limited priority.
Our next example relates to the perceived credibility
of the technology and the promoters. The organization
in our main focus is well established and actively work-
ing on many different levels to support and improve the
living conditions in the target villages. After many years
of community-based work, they are regarded as a cred-
ible organization amongst villagers and collaboration
partners. PV technology is not only used at the centre
but is spread amongst other institutions and private
households in the villages. The technology has been re-
ceived by many villagers as a source of energy superior
to many other alternatives. However, it has also beenmet by scepticism by others, who have previously experi-
enced or heard of PV systems that failed after short time.
The credibility of the technology is thus split. The
organization we focus on does not only use a PV-diesel
hybrid system at the centre but is also involved in
activities promoting PV technologies in neighbouring
villages. Such activities’ success is strongly dependent on
whether the social actors who are willing to adapt the
technology are also the ones with power, financial
means, access to the technology and sufficient know-
ledge to adapt the technologies for themselves as private
people or for common institutions such as schools and
village centres.
An incident from our case study is used to point at
the importance of availability of products and know-
ledge. The power system at the centre does not have the
highest energy efficiency available with today’s technolo-
gies [48]. This is partly because the components in the
system are not especially developed for hybrid systems,
and for various reasons they have not been selected to
fit each other in an optimum way. On one occasion,
there was a fire in an energy meter installed for research
purposes by the research team and not by the local elec-
trician. It was found later that the fire was caused by a
defect in a component in the actual power system. The
fire did not only destroy the monitoring equipment used
for research purposes, but also damaged the centre’s
power system. To solve the problems that the fire had
caused, the electrician was called in. He could repair the
system as part of his routine work, without being too
disrupted by the researchers’ monitoring equipment.
Since all components were selected by him and pur-
chased locally, it was easy for him to know where to look
for spare parts and how to repair the system. Further-
more, since the electrician is not continuously present at
the centre, it was also essential that the people in daily
contact with the system were knowledgeable about when
and where to turn for advice. We consider that this
shows how locally based knowledge can help make a
system sustainable, although the quality of the compo-
nents are causing problems.
The fact that there is only one electrician, a very im-
portant individual, could be seen as a sign of vulnerabil-
ity. Still, the centre’s proximity to a large city makes
technical equipment, advisors and electricians quite
accessible. That lets us conclude that the possibility of
obtaining spare parts and technical advice is good in this
particular case, even though the main knowledge about
the technical specifications of the system is currently
connected to one particular individual.
To achieve long-term sustainability of an introduced
technology, History of Technology has shown us that
there is also a need for long-term management and
interest, with power and economical strength to nurture
Bastholm and Henning Energy, Sustainability and Society 2014, 4:3 Page 12 of 14
http://www.energsustainsoc.com/content/4/1/3the interest for the technology continuously. Albeit that
the organization is well established in its target area and
has several committed employees, it is to a large extent
driven forward by some few strong individuals. Without
saying that this must be a problem for the long-term
sustainability for the energy transition project in focus, it
is something to reflect upon and to be aware of; what
will happen if those strong individuals for some reason
lose their ambitions or ability to carry the organization
forward? The organization’s ambition is to become self-
sufficient, and the employees are working hard to imple-
ment and extend income-generating activities. At present,
financial support for investments and running costs is re-
ceived mainly from one of their partner organizations, the
Swedish NGO. This may not necessarily be contradictory
to economic sustainability if it is continued over a very
long time. Still, if such support is reduced without alterna-
tives being found, it may even be difficult to cover the or-
ganization’s running costs. These are risks that apply to
the whole organization, which thus affect the particular
power system in focus as well.
Conclusions
This article discusses the use of three perspectives to make
energy projects more culturally informed. In our research
on social as well as technical aspects of a PV-diesel hybrid
system in Tanzania, we have perceived the need for an
alternative framework or method for social scientific stu-
dies of limited scope. The Three-perspectives-approach
is composed of a combination of established practices,
methods, theories and concepts from Social Anthropology,
Sociology, History of Technology and Science and Tech-
nology Studies.
The first of the three suggested perspectives concerns
the identification of a wide selection of social actors. This
does not only involve the users of the technical artefact or
its services, but all other actors affecting or being affected
by the energy system in focus. This includes, for example,
related companies offering components and relevant ser-
vices, policy and decision-makers, non-users in the vicin-
ity of the technical system, other actors working within
the same fields and areas and local authorities.
In the second perspective, we focus on change. Tech-
nical artefacts do not cause certain predefined changes
but are perceived and used differently depending on the
contexts. This perspective involves learning more about
the everyday life and perceptions of each of the relevant
social actors before and after the introduction of a cer-
tain technology. We combine the researcher’s outside
perspective on the varying roles and opportunities with
inside perspectives in order to understand what a change
of technology or energy carrier means for men and
women, the young and the old, the wealthy and the poor,
the well educated and the less well educated etc.Finally, we combine the outcome of the first two per-
spectives with lessons learned from historic success stor-
ies as well as failures of technology implementation to
estimate whether a project has what is necessary to
achieve long-term success. One of the aspects we con-
sider here is the internal differentiation between the
varying social actors and in what way their varying roles,
interests, knowledge or power have an impact on the
feasibility or long-term sustainability of the project in
question. Other aspects are the availability of technical
components and long-term commitment and coordin-
ation of companies and organizations.
The approach has been concretised and developed
through application on our research concerning the so-
cial and technical feasibility of a PV-diesel hybrid system
in Tanzania. Initially, the approach was outlined as three
distinct steps of investigation, which we suggested
should be carried out, one at a time, in a specific order.
When the approach was tested in the field, we found it
useful to start the study, as was suggested initially, by
identifying social actors and thereafter proceed to the
analysis of socio-cultural change and later to long-term
feasibility. What we realized, though, was that the results
from one perspective often result in new aspects which
should also have been considered in the ‘previous’ steps.
For example, during interviews that concerned our in-
vestigation of change, we discovered new social actors
that we had not thought of before. We also found that it
was of little use to try and think of relevant social actors,
without considering what changes have taken place or
are about to occur and how long-term sustainability
would be achieved. Consequently, since each of the per-
spectives can be used as an input for the other two, we
now suggest that the investigator try and alternate be-
tween the three different foci of attention.
The Three-perspectives-approach should be regarded
as a conceptual model, aiming to facilitate increased un-
derstanding of ways in which social aspects are part and
parcel of the transfer and implementation of new energy
technologies. It is designed as a concise way for master
students, Ph.D. students or other researchers in multi-
disciplinary energy projects to use a selection of theories
and methods from the social sciences. However, we
believe that the approach could also be useful for tech-
nology implementers who wish to increase their cultural
awareness or for social or multi-disciplinary researchers
when communicating their results to people outside
their own fields.
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